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Introduction
The N3-type ligands, such as tris(pyrazolyl)hydroborate, have been utilized in the fields of inorganic and coordination chemistry (Trofimenko 1999; Pettinari, 2008) . The reason for their general use is the ease of introduction of steric and electronic substitutions at the pyrazole rings (Elguero, 1984 (Elguero, , 1996 Yet, 2008; Fustero et al., 2011) . The history of the development and use of the tris(pyrazolyl)hydroborate ligand, called a 'scorpionate', has been outlined by the founder of this chemistry, the late Professor Swiatoslaw Trofimenko (Trofimenko, 2004) . His first use of his boron-pyrazole chemistry ISSN 2053 ISSN -2296 # 2016 International Union of Crystallography was for the 4,4,8,8-tetrakis(pyrazolyl) pyrazabole ligand, which was envisioned as dialkylboronium acetylacetonate by Professor M. Frederick Hawthorne (Hawthorne & Reintjes, 1964) . This year is the 50th anniversary of the discovery of scorpionate ligands which began with Professor Trofimenko's first publication on boron-pyrazole chemistry in 1966 (Trofimenko, 1966) . He developed a second generation for his ligand system by the introduction of 3-tert-butyl and 3-phenyl substituents in 1986 (Calabrese et al., 1986; Trofimenko et al., 1987) . This latter ligand system became quite popular, accounting for many remarkable developments in inorganic and coordination chemistry in stabilizing monomeric species while maintaining an open coordination site. Before introducing bulky substituents, mainly coordinatively saturated complexes [L 2 M in this case, with tris(pyrazolyl)hydroborate denoted by L] were synthesized, which still maintained the N 6 coordination geometry without any notable reactivity. In Trofimenko's historical account (Trofimenko, 2004) , newer ligand architectures were proposed by the introduction of other heteroatoms, such as oxygen, sulfur and phosphorus.
Bismuth is remarkably harmless among the toxic heavy metal p-block elements (Mohan, 2010) ; thus, it used to be widely available as a medicine for the treatment of stomach disorders. Moreover, bismuth is now becoming popular as a replacement for highly toxic metal elements, such as lead. More recently, bismuth and its compounds with a formal Bi III oxidation state and an electron configuration of [Xe]4f 14 5d 10 -6s 2 6p 0 have found significant catalytic applications as green Lewis acids in organic and organometallic chemistry (Suzuki et al., 1997; Suzuki & Matano, 2001; Leonard et al., 2002; Ollevier, 2013) . We report here the crystal structures of two Bi III complexes with the tris(3-tert-butyl-2-sulfanylidene-1H-imidazol-1-yl)hydroborate ligand (denoted Tm tBu ) as soft tris(pyrazolyl)hydroborate derivatives in the mono-and binuclear forms, namely [Bi(Tm tBu )Cl 2 (MeOH)], (I), and [Bi(Tm tBu )Cl(-Cl)] 2 , (II). Moreover, we discuss the role of Bi-S/Cl bonding, a stereochemically active lone pair that contributes to the distorted geometries by ligand K-edge X-ray spectroscopic analysis and electronic structure calculations.
Experimental
2.1. Synthesis and crystallization 2.1.1. Chemicals. The preparation and handling of both title complexes were performed under an argon atmosphere using standard Schlenk techniques. The dichloromethane and n-heptane solvents were purified by distillation according to published methods (Armarego & Chai, 2012) . Other reagents are available commercially and were used without further purification. The soft scorpionate ligand Tm tBu and its thallium(I) complex, i.e. [Tl(Tm tBu )], were obtained according to the literature method of Mihalcik et al. (2004) .
2.1.2. Sample characterization. IR spectra (4000-400 cm À1 ) were recorded in KBr pellets using a JASCO FT-IR 6300 spectrophotometer. Abbreviations used in the description of vibration data are as follows: s = strong, m = medium and w = weak. 1 H and 13 C NMR spectra (500 and 125 MHz, respectively) were obtained on a Bruker AVANCE-500 NMR spectrometer at room temperature (298 K) in CDCl 3 . 1 H and 13 C chemical shifts were reported as values relative to residual solvent peaks. The elemental analyses (C, H and N) were performed by the Chemical Analysis Centre of Ibaraki University.
2.1.3. Preparation of complex (I). Complex (I) was obtained by metathesis from the thallium(I) complex. A solution of [Tl(Tm tBu )] (0.0700 g, 0.103 mmol) in dichloromethane (5 ml) was added to a solution of BiCl 3 (0.0315 g, 0.100 mmol) in degassed acetone (5 ml) and the resulting solution stirred at 243 K for 2 h under an argon atmosphere. After allowing the reaction to proceed overnight, the solvent was removed under reduced pressure and the resulting solid was extracted into dichloromethane. Single crystals of (I) were obtained by slow evaporation from a saturated dichloromethane/degassed methanol (2:1 v/v) solution as orange crystals (yield: 0.0608 g, 0.0770 mmol, 77%).
Elemental analysis calculated for C 22 H 38 BBiCl 2 N 6 OS 3 : C 33. 47, H 4.85, N 10.67%; found: C 33.49, H 4.83, N 10 (CH 3 OH), 61.1 (CCH 3 ), 119.2 (imidazole C 4 or C 5 ), 123.5 (imidazole C 4 or C 5 ), 151.8 (imidazole C S).
2.1.4. Preparation of complex (II). Complex (II) was obtained by metathesis from the thallium(I) complex. A solution of [Tl(Tm tBu )] (0.0708 g, 0.104 mmol) in dichloromethane (5 ml) was added to a solution of BiCl 3 (0.0403 g, 0.128 mmol) in degassed acetone (5 ml), and the resulting solution stirred at 243 K for 3 h under an argon atmosphere. After allowing the reaction to proceed overnight at room temperature, the solvent was removed under reduced pressure and the resulting solid was extracted into dichloromethane. Single crystals of (II) were obtained by slow evaporation from a saturated dichloromethane/n-heptane (2:1 v/v) solution as red crystals (yield: 0.0607 g, 0.0396 mmol, 76%). The structure of this complex was reported previously (Bao et al., 2004) . However, the measurement temperature [153 (2) K] is different in this case, so we used our own structural parameters for comparison with the structure of mononuclear complex (I).
Elemental 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms were placed in calculated idealized geometry at distances of 0.98-1.00 Å from the attached heavy atoms. They were treated as rigid centres and constrained with U iso (H) = 1.2-1.5 times U eq of the neighbouring atom.
2.3. Experimental and theoretical electronic structure analyses 2.3.1. Ligand K-edge X-ray absorption spectroscopy. Sulfur and chlorine K-edge X-ray absorption spectroscopic measurements were carried out at beamline 14-3 (BL14-3) of Stanford Synchrotron Radiation Lightsource. BL14-3 is a 20-pole 2.0 T Wiggler beamline equipped with a liquid-nitrogen-cooled Si(111) double-crystal monochromator. This experimental setup provides tuneable access to the tender X-ray energy range (2-4 keV), where the S K-(2.4-2.7 keV) and Cl K-edges (2.7-3.0 keV) are located. The energy scale for S K-edge was calibrated to the first peak (2472.0 eV) of the Na 2 S 2 O 3 Á5H 2 O spectrum. For the Cl K-edge, the Cs 2 [CuCl 4 ] salt was used as the calibrant, where the energy position of the pre-edge feature was set at 2820.2 eV. The spectra were collected in fluorescence detection mode using a Passivated Implanted Plana Silicon (PIPS) detector (Canberra). The beam path was purged with He. The incident beam intensity was measured by an ionization chamber operating at 1800 V. The samples were ground with BN and pasted onto S-or Cl-contaminant-free Kapton tape (CERTIPREP). The samples faced the detector and were 45 rotated relative to the incoming X-ray beam. 2.3.2. XAS data normalization and fitting. For both edges, at least three spectra were averaged, baseline subtracted (using a BN standard) and normalized using our in-house code ADRP (Gardenghi, 2011 ) (see full energy range spectra in Fig. S1 of the Supporting information). The fitting of the spectral features was carried out using PeakFit (Seasolve). The first and second derivative spectra shown in the Supporting information ( Fig. S2 ) were used to obtain the energy positions of the rising-edge inflection points and the pre-edge/risingedge spectral features, respectively. The individual fits with the least number of Gaussian/Lorentzian amplitude functions were determined from the number of resolved peaks from the second derivative spectra (see Supporting information). The conversion of spectral intensities to orbital compositions was carried out as described earlier for terminal and bridging chloride (Barton et al., 2015) and sulfur ligands (Queen et al., 2013) .
2.3.3. Electronic structure calculations. Ground and core-level excited-state analyses were carried out using GAUSSIAN09 (Frisch et al., 2009) . Given the intense spectral features at the ligand K-edges, we used a pure density functional theory (DFT), meta-GGA density functional (BP86; Becke, 1988 , Perdew, 1986 ) that provides a covalent electronic structure description. For an adequate representation of the orbitals, we used a triple--quality basis set with polarization function def2TZVP (Schaefer et al., 1992; Weigend & Ahlrichs, 2005 ) that can be considered as saturated with respect to the electronic structure. The TD-DFT formalism for core-level excitations implemented in GAUSSIAN09 was utilized to assist the assignment of the pre-edge and risingedge features and correlated with the ground-state frontier orbital compositions. Relativistic effects were considered by requesting molecular integral evaluations employing the Douglas-Kroll-Hess 4th order relativistic correction including spin-orbit terms. The connection between the experimental and calculated Bi-S/Cl bond covalency was derived using the transition dipole expression (Solomon et al., 2005) , as detailed in Barton et al. (2015) and Queen et al. (2013) . The H-atom positions for the sodium salt of the Tm tBu anion and complexes (I) and (II) were refined by structural optimizations. The atomic positional coordinates used for all calculations are given in the Supporting information.
Results and discussion
Bismuth(III) complexes with original unsubstituted tris(pyrazolyl)hydroborate ligands have been reported as [Bi III Cl-{HB(pz) 3 } 2 (pzH)] (pzH is pyrazole) (Dodds et al., 2004) . Therefore, we aimed to prepare Bi III complexes with sterically hindered tris(pyrazolyl)hydroborate ligands to obtain mononuclear coordinatively unsaturated complexes. However, we obtained a black solid (bismuth metal), identified by the disappearance of B-H stretching in its IR spectrum. This combination of ligand and metal ion thus did not produce any stable mononuclear complex, likely due to the larger ionic radius of the Bi III ion (1.03 Å in a six-coordinate compound) compared with the first or second row transition metal ions (Shannon, 1976) . Therefore, we hypothesized the use of a more flexible ligand for complexation. Bismuth as a soft Lewis acid coordinates well to a soft-base donor, such as sulfur or phosphorus. Thus, we chose the tris(2-sulfanylidene-1Himidazol-1-yl)hydroborate (Tm) ligand, which is the sulfur analogue of the original tris(pyrazolyl)hydroborates (Garner Figure 1 The molecular structure of [Bi(Tm tBu )Cl 2 (CH 3 OH)], (I), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 50% probability level. H atoms have been omitted for clarity.
Figure 2
The molecular structure of [Bi(Tm tBu )Cl(-Cl)] 2 , (II), showing the atomlabelling scheme. Displacement ellipsoids are drawn at the 50% probability level. H atoms have been omitted for clarity. [Symmetry code: (i) Àx + 1, y + 1, Àz + 2.] et al., 1996; . Bi III complexes ligated by the Tm ligand have been reported previously (Spicer & Reglinski, 2009; Reglinski et al., 2015) . Binuclear Bi III complexes with methyl-substituted (Tm Me ) and tert-butylsubstituted [Tm tBu ; tris(3-tert-butyl-2-sulfanylidene-1H-imidazol-1-yl)hydroborate] Tm ligands have also been reported as [Bi(Tm Me )Cl(-Cl)] 2 and [Bi(Tm tBu )Cl(-Cl)] 2 by the reaction of Tm Me or Tm tBu with BiCl 3 at low temperature Bao et al., 2004) .
We repeated the above reactions using the [Tl(Tm tBu )] complex as the starting material. After recrystallization from a dichloromethane/methanol solution, orange crystals were obtained. X-ray structure analysis reveals a mononuclear structure, (I), as shown in Fig. 1 . This complex is the first example of a mononuclear structure ligated by Tm tBu ligands. It has a distorted octahedral geometry with a {Bi III S 3 Cl 2 O} ligand donor set. Moreover, it has three acute angles [S3-Bi1-Cl2 = 160.381 (14) , S2-Bi1-Cl1 = 160.302 (13) and S1-Bi1-O1 152.76 (4) ] due to a stereochemically active lone pair, which makes the S3-Bi1-O1 angle of 111.80 (4) the most obtuse ( Table 2) . The presence of a stereochemically active lone pair at the Bi III centre is expected due to a formal electronic configuration of 6s 2 , which would result in a distorted octahedral coordination geometry (Wheeler & Kumar, 1992; Lawton et al., 1974) . Despite the differences in S-Bi-X bond angles, the average Bi-S bond length in (I) is 2.734 (6) Å , for a full range of 2.6463 (5)-2.8307 (5) Å . The Bi-S bond opposite to the weakly coordinated methanol ligand is the shortest. It is also remarkable that a close to 0.1 Å difference exists between the Bi-S bond lengths trans to the chloride ligands.
On the other hand, after recrystallization from dichloromethane/n-heptane solution, red crystals were obtained. X-ray diffraction analysis revealed a binuclear structure, (II), where the Bi III centres are bridged by two chloride ions, as shown in Fig. 2 . This structure shows much similarity to a previously reported structure (Bao et al., 2004) . Complex (II) also has a distorted octahedral coordination geometry at each Bi III centre, displaying {Bi III S 3 Cl 3 } ligand donor sets. Once again, it has three acute angles [S1-Bi1-Cl2 = 164.283 (15) , S2-Bi1-Cl1 = 166.327 (14) and S3-Bi1-Cl i = 160.787 (15) ; symmetry code: (i) Àx + 1, Ày + 1, Àz + 2]. Therefore, the presence of a stereochemically active lone pair makes the S1-Bi1-Cl1 i angle the most obtuse [108.598 (16) ]. In contrast to mononuclear complex (I), the average Bi-S bond lengths in (II) is longer [2.776 (6) Å ; range 2.6931 (5)-2.9128 (5) Å ]. The three Bi-S bonds again differ greatly from each other, similar to the situation in complex (I). One of the bonds trans to the terminal chloride ligand is the longest, while the other two are approximately equal (within 0.03 Å ). The differences in the Bi-S bond lengths for complex (II) correlate with the two pairs of clearly observed 1 H NMR signals with an integration ratio of almost 1:2. Notably, the binuclear structure remains intact in noncoordinating CDCl 3 solution during NMR measurements. For complex (I), only a single pattern of 1 H NMR signals was observed. Due to the differences between the mono-and binuclear coordination geometries, the colours of the crystals were also different, being orange and red for (I) and (II), respectively, as was also observed from the differences in their UV-Vis spectra.
A direct experimental measure of the covalent nature of the Bi-ligand bonds can be obtained from ligand K-edge X-ray absorption spectroscopy. The pre-edge features at the sulfur and chlorine K-edges below the ionization threshold appear to be due to a mixing of the vacant Bi 6p orbitals with the filled 3p donor orbitals of the S and Cl ligands. The rising-edge features superimposed on the ionization edge-jump for the Tm tBu ligand are informative about changes in the S-C bonding (Queen et al., 2013) . The appearance of multiple preedge features at the Cl K-edge is indicative of the different chemical environments of the terminal and bridging chloride ligands (Barton et al., 2015) . Fig. 3 compares the spectral differences between the free/ uncoordinated ligand or ligand salt and the Bi III coordinated ligands for binuclear complex (II) at the S (Fig. 3a) and Cl (Fig. 3b ) K-edges. The spectra were renormalized to take into account the different number of absorbers per molecule. The S K-edge spectra in Fig. 3(a) shows considerable spectral differences between the free and coordinated Tm tBu ligands. Upon coordination to the formally Bi III centre, a well-resolved pre-edge feature appears at 2471.5 eV, which is due to the mixing of the S-donor orbitals (3p-based lone pairs) and the Bi 6p vacant orbitals. The Supporting information contains details of the spectral fits ( Fig. S3 and Table S1), which show that the pre-edge intensity of 1.01 unit corresponds to approximately 0.95 e donation from the six sulfur ligands into the 12 electron holes of the double Bi 6p set when using an S 1s!3p transition dipole integral of 19.3 for an N-conjugated sulfur ligand (see Table S2 Table 2 Selected bond lengths (Å ) and bond angles ( ) in (I) and (II).
87.10 (4) Cl1 i -Bi1-Cl2 87.108 (17) Symmetry code: (i) Àx + 1, Ày + 1, Àz + 2.
indication for the presence of a covalent bonding interaction. The Cl K-edge spectra in Fig. 3 Table S2 in the Supporting information), the pre-edge intensities of 1.60 and 0.89 units will correspond to a total Cl!Bi III donation of 0.36 and 0.18 e. Thus, the terminal Cl-Bi bonding appear to be twice as covalent, which is understandable given the considerably longer bridging Bi1-Cl1/ Cl1 i distances compared with terminal Bi1-Cl2 ( the rising-edge positions between the NaCl uncoordinated ligand spectrum and the binuclear complex. However, it also has a considerable covalent character from an intensity analysis of the pre-edge features. The less covalent bridging Bi-Cl interaction in comparison to the terminal one suggests the preference for the site of attack by coordinating solvent molecules, such as methanol, that can lead to the formation of a stable mononuclear complex. The above experimental electronic structure analysis from ligand K-edge spectroscopy can be complemented with electronic structure calculations using a covalent density functional theory and saturated basis set with respect of electronic structure properties. The highest occupied molecular orbitals (HOMOs) of complexes (I) and (II) are shown in Fig. 4(a) , which clearly demonstrate the presence of a polarized Bi 6s orbital due to the differences between the apical S and basal S 2 Cl 2 ligand environments for both the mono-and binuclear complexes. These HOMOs also demonstrate the predominantly -bonding interactions between the Tm tBu and chloride ligands with the Bi III centre.
The covalent interactions between the Bi III ion and the S/Cl ligand orbitals as experimentally probed by ligand K-edge XAS are graphically illustrated in Fig. 5 for the lowest unoccupied frontier molecular orbitals (LUMO). For the sake of brevity, the LUMOs of the mononuclear complex (I) are shown here, while the corresponding double sets of LUMOs for binuclear complex (II) are given in the Supporting infor-mation ( Fig. S4 ). If we choose the orientation of the methanol O atom, the Bi III ion and one of the S atoms of the Tm tBu ligand in a trans position to the methanol ligand for the z direction, the LUMO corresponds to the predominantly * combination of S 3p, Cl 3p, O 2p and the * combination of Cl 3p at the righthand side and the Bi III 6p z orbital. It is also notable that the S-atom lone pair is extensively delocalized into the * system of the pyrazole ring, thus any substitution on the ring will be transmitted to the Bi-S bonding. LUMO+1 and LUMO+2 correspond exclusively to * interactions between the Bi 6p x and S/Cl 3p ligand orbitals. It is important to highlight that the structural distortions in the Bi III inner-sphere environment allows for off-axis /* interactions between the Bi and S/Cl/O orbitals, as can be clearly seen from the contour plots of the LUMO+1 and LUMO+2 orbitals. Thus, the stereochemically active 6s 2 lone pair enables more extensive covalent interactions than anticipated for an ideal octahedral coordination environment.
The core-level time-dependent DFT spectra for the free ligand and the two complexes (see Fig. S5 in the Supporting information) provided justification for the assignment of the resolved pre-edge features at both the S and Cl K-edges in Fig. 3 to the first set of LUMOs. It is important to highlight that the S and Cl K-edge spectra are expected to show a high similarity for the mono-and binuclear complexes, with the exception of the double edge jump due to the presence of the bridging chloride ligands. Lowest unoccupied frontier molecular orbitals for complex (I) that illustrate the covalent interaction between the Bi III centre and the S/Cl ligands. compositions at the BP86/def2TZVP level of theory using Mulliken population analysis defines LUMO as Bi 6p 0.38 S 3p 0.03 Cl 3p 0.04 O 2p 0.01 , LUMO+1 as Bi 6p 0.23 S 3pp 0.03 Cl 3p 0.06 , and LUMO+2 as Bi 6p 0.28 S 3p 0.04 Cl 3p 0.08 for complex (I), while the rest is composed of ligand C, N and H contributions. Summation of the individual S 3p and Cl 3p contributions gives S!Bi and Cl!Bi total electron donations for the first three LUMOs with 6 electron holes of 0.20 e S 3p and 0.36 e Cl 3p contributions, respectively. The small Bi contributions of 0.23-0.38 per electron hole indicate that the valence 6p orbital contributions also present in higher lying unoccupied orbitals as various additional combinations of ligand donor/Bi 6p orbitals are possible. These contribute to the illresolved rising-edge features along both the S K-and Cl Kedges above the pre-edge features that are not analyzed here quantitatively. A similar analysis for binuclear complex (II) gives total S!Bi and Cl!Bi donations for the first six LUMOs (see Fig. S6 in the Supporting information) of 0.28 e S 3p and 0.34 e Cl 3p, which are again indicative for the presence of covalent Bi-S and Bi-Cl interactions. The corresponding experiental values from S K-and Cl K-edge XAS measurements are 0.95 e for the Tm tBu ligand and 0.36/0.38 e for the Cl t /Cl b ligands (t is terminal and b is bridging). While the Cl 3p contributions show a remarkable agreement between theory and experiment, the calculated S 3p contribution overly underestimates the experimental values, which suggests that higher lying Bi-S(Tm tBu ) orbitals may also contribute to the first pre-edge feature. The considerable S/Cl!Bi electron donation numbers validate the use of a covalent DFT description for the electronic structure of the Bi(Tm tBu )(Cl)L complexes.
Conclusion
Chemical synthesis with combined X-ray diffraction, X-ray spectroscopic, and theoretical electronic structure investigations have provided a comprehensive geometric and electronic structural overview of the composition, structure and stability relationships in mono-and binuclear bismuth(III) complexes with an anionic sulfur-containing tripod ligand. The molecular structural analysis from XRD data already indicated a strong interaction between the p-block element and the soft chelating ligand environment. Furthermore, the distortion of the innersphere bond angles around the central Bi III ion suggested the presence of a stereochemically active Bi 6s 2 lone pair. Ligand K-edge X-ray absorption spectroscopic measurements at the S 1s and Cl 1s excitation energies provided well-resolved preedge features and structured rising-edge features. Upon coordination to the Bi III ion, the spectral features of the free S-ligand changes significantly, which is an experimental indication of the presence of a significant S!Bi electron donation or covalency. The Cl K-edge spectra shows two resolved preedge features for the terminal and the bridging chloride environment with large intensities, which again are indicative of significant Cl!Bi covalency. Complementary electronic structure calculations using density functionals that generally give covalent bonding further supports the significant inter-actions between Bi III and the soft tripodal ligand. The chloride ligands provide additional stability through covalent Bi-Cl bonding. It is interesting to note that the weak Bi III -O(methanol) interaction is sufficient to stabilize the mononuclear complex over a period of time; however, extended storage can result in the loss of the methanol ligand and dimerization taking place. We have observed this behaviour for the samples during the XAS measurements, when the spectra of an old (kept at room temperature for more than six months) mononuclear complex turned out to be identical to that of the binuclear complex. The molecular orbital analysis shows the magnitude with which the S 3p orbitals become involved with theand -system of the pyrazole ligands. This provides a rationale for the future functionalization of the scorpionate ligand with electron withdrawing/donating groups that can enable or hinder specific S-metal ligand interactions and tune the reactivity of the Tm-ligand-coordinated metal site. -and binuclear tris(3-tert-butyl-2-sulfanylidene-1H-imidazol-1-yl) 
Computing details
For both compounds, data collection: CrystalClear-SM Expert (Rigaku, 2013) ; cell refinement: CrystalClear-SM Expert (Rigaku, 2013) ; data reduction: CrystalClear-SM Expert (Rigaku, 2013) . Program(s) used to solve structure: SIR2011 (Burla et al., 2012) for BiTmCl2; Il Milione (Burla et al., 2007) for BiTmClm-Cl2. For both compounds, program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: CrystalStructure (Rigaku, 2015) ; software used to prepare material for publication: CrystalStructure (Rigaku, 2015) .
(BiTmCl2) Dichlorido(methanol-κO)[tris(3-tert-butyl-2-sulfanylidene-1H-imidazol-1-yl-

κS)hydroborato]bismuth(III)
Crystal data where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.008 Δρ max = 1.03 e Å −3 Δρ min = −0.66 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement was performed using all reflections. The weighted R-factor (wR) and goodness of fit (S) are based on F 2 . R-factor (gt) are based on F. The threshold expression of F 2 > 2.0 sigma(F 2 ) is used only for calculating Rfactor (gt).
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Bi1 0.36354 (2) 1.04501 (2) 0.67383 (2) 0.01603 (2) (10) 0.0466 (9) −0.0171 (7) 0.0138 (7) −0.0353 (8) N1
0.0140 (6) 0.0211 (7) 0.0227 (6) −0.0048 (5) 0.0013 (5) −0.0097 (5) N2 0.0154 (6) 0.0216 (7) 0.0210 (6) −0.0076 (5) 0.0014 (5) −0.0082 (5) N3 0.0235 (7) 0.0213 (7) 0.0170 (6) −0.0028 (6) −0.0029 (5) −0.0079 (5) N4 0.0239 (7) 0.0206 (7) 0.0143 (6) −0.0059 (6) 0.0016 (5) −0.0059 (5) N5 0.0224 (7) 0.0144 (6) 0.0207 (6) −0.0071 (5) −0.0036 (5) −0.0048 (5) N6 0.0248 (7) 0.0160 (6) 0.0191 (6) −0.0087 (6) −0.0022 (5) −0.0031 (5) (8) 0.0307 (9) −0.0041 (7) 0.0037 (7) −0.0094 (7) C5 0.0138 (7) 0.0198 (8) 0.0185 (7) −0.0055 (6) 0.0017 (5) −0.0099 (6) C6 0.0134 (7) 0.0298 (9) 0.0263 (8) −0.0078 (7) 0.0015 (6) −0.0110 (7) C7 0.0168 (8) 0.0305 (9) 0.0272 (8) −0.0126 (7) 0.0032 (6) −0.0126 (7) C8 0.0298 (10) 0.0283 (10) 0.0304 (9) 0.0019 (8) −0.0097 (7) −0.0124 (8) C9 0.0402 (11) 0.0391 (11) 0.0317 (10) −0.0031 (9) −0.0153 (8) −0.0175 (9) C10 0.0388 (11) 0.0449 (12) 0.0423 (11) −0.0219 (10) −0.0124 (9) 0.0028 (10) C11 0.0248 (8) 0.0240 (9) 0.0224 (8) −0.0049 (7) −0.0080 (6) −0.0067 (7) C12 0.0225 (8) 0.0150 (7) 0.0152 (7) −0.0031 (6) −0.0017 (6) −0.0040 (6) C13 0.0345 (10) 0.0299 (9) 0.0149 (7) −0.0050 (8) 0.0008 (7) −0.0095 (7) C14 0.0298 (9) 0.0299 (9) 0.0161 (7) −0.0060 (8) 0.0058 (6) −0.0087 (7) C15 0.0316 (9) 0.0337 (10) 0.0250 (8) −0.0094 (8) −0.0067 (7) −0.0129 (7) C16 0.0241 (9) 0.0283 (9) 0.0361 (10) −0.0099 (8) 0.0037 (7) −0.0128 (8) C17 0.0451 (11) 0.0225 (9) 0.0370 (10) −0.0115 (8) 0.0067 (9) −0.0160 (8) C18
0.0243 (8) 0.0195 (8) 0.0225 (8) −0.0071 (7) −0.0011 (6) −0.0097 (6) C19 0.0174 (7) 0.0151 (7) 0.0198 (7) −0.0066 (6) −0.0038 (6) −0.0043 (6) C20 0.0352 (9) 0.0149 (8) 0.0271 (8) −0.0102 (7) −0.0042 (7) −0.0029 (6) C21 0.0383 (10) 0.0174 (8) 0.0236 (8) −0.0131 (7) −0.0036 (7) −0.0008 (6) C22 0.0408 (12) 0.0457 (13) 0.0449 (12) −0.0117 (10) 0.0046 (9) −0.0241 (10) B1 0.0218 (9) 0.0207 (9) 0.0212 (8) −0.0092 (8) 0.0022 (7) −0.0066 (7) Geometric parameters (Å, º) Bi1-S1 2.6463 ( where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.001 Δρ max = 0.59 e Å −3 Δρ min = −0.85 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
sup-9
Acta Cryst. (2016). C72, 768-776 Refinement. Refinement was performed using all reflections. The weighted R-factor (wR) and goodness of fit (S) are based on F 2 . R-factor (gt) are based on F. The threshold expression of F 2 > 2.0 sigma(F 2 ) is used only for calculating Rfactor (gt).
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Bi1 0.39969 (2) 0.41301 (2) (14) 0.0296 (12) −0.0004 (10) −0.0033 (9) 0.0063 (10) C2 0.0334 (11) 0.0360 (12) 0.0245 (10) 0.0101 (9) 0.0109 (9) 0.0074 (9) C3 0.0416 (12) 0.0369 (12) 0.0303 (11) 0.0172 (10) 0.0049 (9) 0.0126 (9) C4 0.0243 (10) 0.0261 (10) 0.0198 (9) 0.0057 (8) 0.0026 (8) 0.0047 (8) C5 0.0156 (8) 0.0153 (9) 0.0208 (9) 0.0011 (7) 0.0045 (7) 0.0003 (7) supporting information sup-11
Acta Cryst. (2016). C72, 768-776 C6 0.0319 (11) 0.0150 (9) 0.0292 (11) 0.0067 (8) 0.0057 (8) 0.0007 (8) C7 0.0293 (10) 0.0159 (9) 0.0249 (10) 0.0033 (8) 0.0057 (8) −0.0045 (8) C8 0.0295 (11) 0.0245 (10) 0.0340 (12) −0.0007 (8) 0.0105 (9) −0.0006 (9) C9 0.0199 (9) 0.0291 (11) 0.0329 (11) 0.0080 (8) 0.0010 (8) 0.0033 (9) C10 0.0265 (10) 0.0378 (12) 0.0246 (10) 0.0134 (9) 0.0075 (8) 0.0013 (9) C11 0.0195 (9) 0.0244 (10) 0.0218 (10) 0.0058 (8) 0.0044 (7) 0.0011 (8) C12 0.0191 (9) 0.0144 (8) 0.0177 (9) 0.0051 (7) 0.0002 (7) −0.0013 (7) C13 0.0262 (10) 0.0325 (11) 0.0153 (9) 0.0095 (8) 0.0001 (8) 0.0027 (8) C14 0.0241 (10) 0.0336 (11) 0.0159 (9) 0.0091 (8) −0.0034 (7) −0.0001 (8) C15 0.0335 (12) 0.0329 (12) 0.0480 (14) 0.0044 (10) −0.0063 (10) −0.0128 (10) C16 0.0380 (12) 0.0279 (12) 0.0550 (15) 0.0147 (10) 0.0028 (11) 0.0102 (10) C17 0.0238 (11) 0.0320 (12) 0.0696 (17) 0.0077 (9) 0.0081 (11) −0.0139 (11) C18 0.0180 (9) 0.0203 (10) 0.0397 (12) 0.0050 (7) 0.0001 (8) −0.0035 (8) C19 0.0137 (8) 0.0215 (9) 0.0191 (9) 0.0028 (7) −0.0004 (7) 0.0018 (7) C20 0.0122 (9) 0.0283 (10) 0.0377 (12) 0.0010 (8) 0.0043 (8) 0.0022 (9) C21 0.0149 (9) 0.0235 (10) 0.0351 (11) −0.0014 (7) 0.0016 (8) 0.0043 (8) B1 0.0191 (10) 0.0196 (10) 0.0195 (10) 
